I. Introduction
Although nowadays there are great efforts for accomplishing projects on time by people in charge, projects are accomplished with delays and costs that are higher than estimated (Ghoddosi, et al.2008) . Delay is the time between pre-planned time and actual time of project's activities (Arditi and Robinson, 1995) Cost and time overruns are sometimes higher than the value of contract (more than 100%) (Peter and Hough 1987 , Morris, 1990 , Flyvbjerg etal.1995 . Delay in the completion of projects is often unavoidable circumstance. Considerable studies were performed about the delays in projects and the causes, it could be classified into two parts (Ghoddosi, et al.2008 ). In the first part, delays and methods represented to analyze them. In this part, methods for analyzing delays included methods of comparing 1 planned time schedule and actual time, increase in base time schedule and analyzing time intervals delay (Cher, 1995; Michael, 1999; Terry, 2003) . On the other hand, project delays were divided according to three criteria: (1) the party caused delay: owner, contractor, or third party; (2) occurrence time state: independent delays, serial delays, and concurrent delays; (3) compensability: impermissible delays and permissible (Kartam,1999; Stumpf,2000) . The second part presents the precedent studies about causes of delay. In these studies, time and cost overrun were classified into 2 categories: strategic decisions, and operational causes. Strategic decisions are made by high rank manager of organization (e.g., selecting the project delivery system) before concluding the contract. Operational causes are produced during the execution of the project (e.g., lack of material) (Peter and Hough, 1987) In addition to the above studies, other studies were carried out about the causes of project delays, some of which is as follows: Causes of delays in large building construction projects (Sadi et al.,1995) , delay in public utility projects in Saudi Arabia (Al-khalil et al., 1999), construction delay: a quantitative analysis (Al-Moumani, 2000), causes of construction delay: traditional contracts (Abdallah and Battaineh, 2002), construction delays in Florida: an empirical study (Ahmed et al., 2003) , significant factors causing delay and cost overruns in construction of ground-water projects in Ghana (Frimpong et al., 2003) , factors affecting construction speed of industrialized building systems in Malaysia (Alaghbari, 2005) , fuzzy assessment of causes of time overrun (delays) in Iran"s dam construction projects (2008) , causes of delay in construction industry in Libya (Tumi et al.2009 ), and effects of construction delays on construction project objectives (Abedi et al. 2011 ).Construction projects face high uncertainty and makes problems obstruct the progress and cause delay for these projects (Ghafly, 1995) . Ghafly, (1995) , performed a preliminary survey of 76 construction projects to identify the frequency and extent of delay. These projects selected from different cities in the eastern province in Saudi Arabia completed by different contractors, and had varying contract values. He was found that about 60% (45 out of 76) were delayed. Also, he found that in a sample of other 20 projects selected randomly, the average extent of delay in these projects was about 110% of the original project duration. Al Sultan (1989) , surveyed actual time performance of different types of public projects. He concluded that approximately 70% of the public water and sewage projects (101 out of 145) experienced time overrun. Accordingly, it seems that delay is experienced in public water and sewage projects. Abdullah & Battaineh (2002) evaluated the progress reports of 164 building and 28 highway projects constructed during the period of 1997 to 1999 in Jordan. The results indicated that delay is extensive: the average ratio of actual completion time to the planned contract duration is 160.5% for road projects and 120.3% for building projects.
Both contractors and public authorities, who suffer from delays in these projects, need to organize the causes of delay, their frequency, and severity, to take necessary precautions to control those causes. Thus, in this paper, two models are developed to predict the percentage delay to the planned project duration in construction projects in Egypt. The first model is based on regression analysis, while the other is based on fuzzy statistical approach. The independent variables, which are causes of delay were gathered from literature. These causes are candidate according to their significance through a questionnaire survey. The paper is organized as follows: first, fuzzy logic literature in construction is highlighted. Causes of delay in the construction projects based on literature are identified, and a questionnaire survey is then prepared. The survey response is then analyzed and discussed. A regression model is then established. Statistical fuzzy approach is explained. Statistical fuzzy model is then developed. To illustrate statistical fuzzy model calculations, a case study is presented. Finally, a validation of the two models is presented and discussed.
II. Research Scope And Methodology
Two proposed predictive models are intended to be applicable to the construction stage for predicting delay percentage. These models are based on regression analysis and statistical fuzzy approach. A standard methodology will be adopted. As an initial step to meet the objectives, previous research papers that deal with delay in construction projects are reviewed to investigate causes of delay in construction projects. Fuzzy logic in literature is then highlighted. A list of causes of delay in construction projects is prepared to collect data about the significance of these causes through questionnaire survey. The next step is to analyze the survey results to obtain the most significant causes of delay to be incorporated in the predictive models. Building regression based model is then demonstrated and a numerical example is prepared to show how the model predicts the delay percentage of a project. The statistical fuzzy approach and its previous uses are explained as an initial step for developing the statistical fuzzy based model. The next step is to apply the statistical fuzzy based model to a case study to show how the model performs step by step. The last step of this research is to validate the proposed models. Based on the results of validation, we compare the prediction accuracy of the two models.
Fuzzy Logic Literature In Construction
A fuzzy set approach pioneered by Zadeh (1965) is useful for uncertainty analysis where a probabilistic data base is not available and or when interval values of input variable are uncertain. Zadah (1965 Zadah ( , 1975a Zadah ( , b, c,1979 ) outlined the theory of fuzzy sets for incorporating vague and imprecise data into analyses. Ayyub and Haldar (1984) pioneered the use of fuzzy set theory to evaluate the impact of qualitative variables such as site conditions, weather conditions on activity cost and duration. The fuzzy set approach has been widely applied to represent the uncertainties of real life situations (Bogardi and Badossy, 1983; Anandalingam and westfall, 1988) . Loterapong and Moselhi (1996) calculated activity duration using traditional fuzzy set operations as well as newly developed fuzzy network scheduling (FNET). The results generated by FNET were reasonable but the computations were not as simple as for the program evaluation and review technique. Hanna and Lotfallah (1999) used fuzzy logic to select the best crane type for a construction project. In their approach, they used the max-min extension principal to transform linguistic information about the suitability of each crane type with respect to each factor of the project into overall efficiency of each crane type. Hanna et al. (2002) presented a hybrid approach to quantify the impact of change orders on construction projects using statistical regression and fuzzy logic. In their approach, fuzzy logic and regression analysis were integrated, where regression analysis was used to determine the membership functions of the input linguistic values. Each input variable is statistically treated before entering a general rule relating its space to the space of loss in labor productivity. The relative weight of each input variable is determined by its coefficient of determination (RThis approach will be applied and adopted for developing the second model to predict the percentage delay in construction projects. Details of this approach will be given later.
Causes Of Delay In Construction Projects
In this study, 74 reasons identified as causes of time overrun in construction projects, which were gathered from literature ( Table 1 . These causes will serve as the independent variables in the predictive model of delay percentage.
III. Questionnaire Survey
A questionnaire was developed to collect data about the significance of causes of delay affect of construction projects compiled in Table 1 . It was organized in the form of two priority scaling, one for occurrence frequency, while the other for severity scaling. The priority scaling for occurrence frequency was as follows: 5=Always, 4=often, 3=usually, 2= sometimes, and 1=scarcely, while the severity scaling was: 5=very severe, 4=severe, 3=somewhat severe, 2=little effect, 1=very little effect. The participants were asked to assign a number from 1 to 5 to each cause for both occurrence frequency and severity according to its significance. Besides, the questionnaire included collection of data for past construction projects in a structured format. The data included occurrence of previous causes of delay presented in Table 1 on a yes/no basis.
The survey gathered data from contracting companies specialized in construction projects. Some of them were involved in : administrative, commercial and residential buildings, while the others were involved in public water and sewage projects. Thirty-three contracting companies participated in the survey. Some of the questionnaires were sent via mail after contacting the participants through telephones, whereas, the other part was sent by some persons. Most of the participants were at the level of general manager or project manager.
Survey Results And Analysis
As a result of mailing and follow up a total of twenty-three usable questionnaires were completed and returned with response rate 72%. This response rate is considered acceptable for a survey focusing on gaining responses from industry practitioners (Alreek and Settle,1985). All the questionnaires were combined for the analysis. The respondents included general managers, technical office managers, and construction managers. All the participants were involved in public water and sewage projects, whereas 48% of them were involved in administrative & commercial and residential buildings, in addition to public water and sewage projects. The author believes that the variations in positions besides the variations in the specialization for the participants will enrich this field study to a great extent. To give additional credibility for the findings of this survey, the participants were asked about their length of experience. Also, they were asked about their companies' length of experience and annual volume of work. 95% of respondents have an experience more than 10 years, whereas, 74 % have an experience more than 20 years. All of the companies have an experience more than 10 years, whereas 78% have an experience equal to or greater than 25 years. 91% of companies have an annual volume of work more than LE 10 millions, whereas 74% have an annual volume of work equal to or greater than LE 250 millions.
The author believes that obtaining the needed information from such experienced and active contractors is one of the strengths of this survey. This is because data reliability is related to data source and the identification of the position held by the person who completed the questionnaire (Oppenhiem, 1992 ).
An importance index (II) was established to assess the degree of significance for each cause in each returned questionnaire as given in Eq. 1. Then, the importance indices were used to measure the relative weight for each cause. The relative importance weight (RIW) was computed using Eq.2. Table 1 shows the causes rearranged in descending order according to their corresponding RIW. Then, the causes are ranked according to their RIW such that the cause received the highest RIW is assigned rank equal to 1.
Importance Index (II) = Occurrence frequency*degree of severity (1) Relative Importance Weight (RIW) = respodents of no. Total
(2) Table 1 shows that, changes in material prices comes out as the most important factor attributing to the causes of delay in construction projects, it was ranked the first. Fluctuation in materials prices would make contractors spend some time waiting to obtain materials with cheaper price. Delay in progress payments by the owner received the second rank, due to failure of government departments to provide adequate funding resources to contractors. It seems that this cause affect contractors. cash flow, which lead to delay in purchasing material required to the project. The third significant cause identified was difficulties in obtaining work permits from the authorities concerned (see Table 1 ), due to bureaucracy in government departments. The fourth item in Table 1 , which was given by respondents as a cause of delay for construction projects is original contract duration too short. Delay in issuance of change orders by the owner was ranked fifth. Change orders can frequently cause significant disruptions to a construction project, which may decreases the labor productivity of the contractor and extend the project duration. Change orders coupled with late issuance have tremendous negative impacts on project performance in terms of time. Inflation was ranked 6, since the trend of inflation is probably due to demand exceeding supply, which creates scarcity of goods and hence the prices of materials increase. The factor, difficulties in financing the project by the Contractor was ranked 7. It seems that, if the contractor suffers from negative cash flow for most or all other projects, he fails to finance the project under consideration. Effect of subsurface conditions, was ranked eighth, this factor is unknown and cannot be controlled. Changes in the scope of the project, economic conditions, delay in the settlement of contractor's claims by the owner, excessive bureaucracy in the owner administration were ranked, 9, 10, 11, 12, respectively. Delay in materials procurement was ranked 13, it demonstrates a complete absence of effective material procurement management on the part of contractors. The established bureaucratic structures in material procurement processes in developing countries seem to hinder the easy flow of construction materials, especially in public sector. The respondents declared that delivery of materials to the job site in a timely manner is essential to keep things going and maintain high productive level, hence, delay of project is minimized. Inefficient coordination by the owner in the early planning &design stages received a rank equal to 14.Causes received RIW less than 10 will not be considered in the predictive model to reduce the number of variables to a manageable number except (Inefficient coordination by the owner in the early planning &design stages) with a RIW (9.95), which is close to 10. Table 2 lists the final 14 causes (independent variables) used to develop the regression model. 
IV. Regression Based Model
From the previous 23 questionnaire, data for 20 construction projects only was used, and the remainder was rejected due to some mistakes. These data included the occurrence of causes of delays presented in Table 1 on a yes/ no basis, and the corresponding actual percentage delay. The data was divided into two sets. The first set contains 12 projects for the purpose of model building. The second set contains 8 projects for validation purposes. Initial experimentation with a regression model that includes all 14 variables resulted in a model with less performance using SPSS 8 software. Forward-stepping and backward-stepping were used. Forward stepping begins with entering the most significant variables at the first step, and continues adding and deleting variables until none can significantly improve the fit. Backward stepping, on the other hand begins with all candidate variables, then removes the least significant variable at the first step and continues until no insignificant variable remains. 1 Forward stepping or backward-stepping technique gave the same model for predicting the delay percentage (DP) for construction projects depending on 9 variables out of 14 (see Table 3 ) with a squared multiple R=0.978. This indicates that the model is able to explain 97.8 % of the variability in the data, which is an excellent indicator of the model's expected performance. The variables excluded were: changes in material prices, delay in progress payments by the owner, delay in issuance of change orders by the owner, delay in the In traditional regression analysis x and y are correlated and a≠ 0. If Eq. 3 rewritten in the form given in Eq. (5) and assuming a>0, then, if then rules can be sought as follows:
Where the values H (for high), M (for medium), and L (for low) are yet to be determined.
Hanna et al (2002) declared that according to the above rules, the belief strength that some particular value of x is high can be identified with the belief strength that the corresponding predicted value of y is positive. Thus, the fuzzy membership function H could be defined as follows:
H(x)=P[f(x)] and similarly M(x)=Z[f(x)] and L(x) = N[f(x)]

Accordingly, in this example
The case when a <0 is similarly treated, where the if-then rules will take the form: if x is H, then y is N; if x is M, then y is Z; if x is L, then y is P. Where, the values of H, M, and L are determined in a similar way Hanna et al. al,(2002) . Hanna et al. al,(2002) added that if the function f(x) is used to map the input variable x to an intermediate variable u=f (x) such that the relationship between u and the output variable y can be represented by an identity fuzzy functional. Thus, if u is N, then y is N; if u is Z, then y is Z; and if u is P, then y is P. Then, the fuzzy functional can be generalized to the: if u is A, then y is A, where A is any fuzzy set. Fuzzy rules can be simplified to a general rule as follows: if f(x) is A, then y is A.
In their work, Hanna et al. al,(2002) , stated that if K input variables x 1 , x 2 , ., x K affecting an output variable y, the method declared above is used to get a separate regression function ui = fi (xi) for each input variable xi with the generalized fuzzy rule (Ri): if fi(xi) is A, then y is A. Also, for each input variable xi, a fuzzy statement: fi(xi) is Ai is held. They added that, since the belief in rule Ri can be measured by the coefficient of determination (Ri) 2 of the correlation between xi, and y, thus, the belief that "y is Ai" is also measured by R 2 . Accordingly, the fuzzy membership Ai is measured by Eq. 6
Eq. (6) can be written in the form given in Eq. (7) ) ( ) (
where A= weighted average of the A is . Now to defuzzify the output y, the centroid y* could be found from Eq.8.
In practice, the integration is replaced by summation. Some of the previous uses of statistical fuzzy approach are given in the next section. It must be noted that, the above approach is adopted to develop a model to predict the delay percentage in construction projects. It must be noted that Ai(y) in current research represents the independent variables which are the previous 9 causes affect delay of construction projects. Also, y* represents the predicted value of DP.
Some of the previous uses for statistical fuzzy approach are as follows: Hanna et al, (2002) presented a hybrid approach to quantify the impact of change orders on construction projects using statistical regression and fuzzy logic. In their model each input variable is statistically treated before entering a general rule relating its space to the space of loss in labor productivity. The relative weight of each input variable is determined by its coefficient of determination (R 2 ) value. The expected loss of labor productivity and its standard deviation are then determined from the output fuzzy membership function. Kwong et al. (2008) , proposed a hybrid fuzzy least-squares regression (HFLSR) approach to modeling manufacturing processes, which does take into consideration two types of uncertainty: randomness, as in material properties, and by fuzziness, as in the inexact knowledge, is proposed. A new form of weighted fuzzy arithmetic was introduced to develop the hybrid fuzzy least-squares regression method. HFLSR approach was applied to process modeling, it was applied to the modeling solder paste dispensing process. It was found that the accuracy of prediction based on the HFLSR is slightly better than that based on statistical regression and much better than that based on the Peters fuzzy regression. Wu et al., (2010) proposed a hybrid model based on fuzzy logics and logistic regression and established a financial crisis warning model for Taiwan's banking industry from the supervision perspective.
VI. Statistical Fuzzy Based Model
The following steps will be adopted for developing the proposed model: 1. A regression Eq. is extracted between each cause and DP. 2. Each cause is fuzzified according to it's degree of severity received from questionnaire responses. 3. The weight (wi) and the corresponding Ai* (Severity effect) for each cause is then determined. 4. A trapezoidal membership function for representing delay in construction projects is adopted to determine the discrete universe for for DP (y) in general. 5. Predicted value of DP is then determined using Eq.8.
The above steps will be applied next to a case study to illustrate how to predict DP.
VII. Case Study
Data, separate regression Eq.(s) for each cause, and corresponding weight for this case study (previous example used in regression model) are given in Table 4 . Causes were fuzzified according to the degree of severity each cause was received from questionnaires' responses. For example the cause; difficulties in obtaining work permits from the authorities concerned (x1) received the ranks: 1 5(100%), 4(80%), and 3(60%) for 8, 6, and 9 respondents respectively. Accordingly, the weighted degrees of severity effect are: (1*8/23) = 0.348, (0.8*6/23)=0.209, and (0.6*9/23) = 0.235 for 1, 0.8, 0.6 memberships respectively. Hanna et al.(2002) , declared that for maintaining convexity for a fuzzy set, one can added an entry between two values by taking the average. To deduce weighted degree of severity for 0.5, 0.7, and 0.9 memberships, the author adds the entries (0+0.235)/2 = 0.118, 0.235+0.209)/2 = 0.222, and (0.209+0.348)/2= 0.279, respectively for cause (x1). Now, the discrete universe of severity effect for this cause is Table 5 shows (Ai)* (Severity effect) of causes for the example project. Applying Eq.7, calculation of A(y) for this project is given in Table 6 , (values of wi are obtained from Table 4) . A trapezoidal membership function was proposed to represent the discrete universe for the most common delay percentages in construction projects as in Fig. 1 . Data for 18 projects of the previous 20 projects and fuzzy evaluations: the min. value (A), the max. value (B), less than average ( ), and larger than average (  ) are given in Table 7 . 
VIII. Models Validation
A comparison between the regression model estimate and the statistical fuzzy model estimate is shown in Table 8 . It provides the actual % delay, predicted % delay, and the analysis of the average percent error for eight projects including the project of case study (these are projects of the second set ). The regression model shows prediction accuracy better than (average % error = 30.27) statistical fuzzy model (average % error = 38.45). Average % error = X actual -X estimated /X estimated  100
IX. Conclusions And Future Recommendations
This paper investigated the effect of delay causes affecting construction projects in Egypt through a questionnaire survey. These causes were established from literature. The questionnaire survey was obtained information related to the occurrence of the previous causes in actual projects on a yes/no basis. Based on the results of the questionnaires, a relative importance weight was established for each cause to quantify its effect on project delay. It was intended that causes received a relative importance weight equal to or higher than 10 are significant and will be incorporated into the model as independent variables. Accordingly, 14 significant causes were identified. The dependent variable was the delay percentage.
Two models were developed to predict the delay percentage in projects. The first model based on 20 regression analysis. The best regression model was found accurate in predicting the delay percentage contains 9 variables. These are: Difficulties in obtaining work permits from authorities concerned, original contract duration too short, inflation, difficulties in financing the project by the contractor, effect of subsurface conditions, changes in the scope of the project, economic condition, excessive bureaucracy in the owner administration, and inefficient coordination by the owner in the early planning &design stages. The second model based on statistical fuzzy approach, where statistical results were used in forming fuzzy if then rules as well as choosing membership functions of linguistic values.
Validation of the two models depending on the used sample size of questionnaire, revealed that the regression model has prediction capabilities higher than that of statistical fuzzy model in predicting delay percentage in construction projects in Egypt. The average percentage error for regression model is 30.3, against 38.5 for statistical fuzzy model. Seven out of eight projects gave that estimated percent delay in statistical fuzzy model are higher than that of regression model. Thus, conducting a questionnaire survey at future with large size sample of questionnaire will increase the level of accuracy, but prediction capabilities regression model will still higher than statistical fuzzy model. Computer implementation for statistical fuzzy model is suggested for future research for easy implementation.
